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ERRATA FOR AFWAL-TR-86-4120,
DATED NOVEMBER 1986

Please make the following corrections:

Page
"Number Correction

46 For 0.078 in. thickness, L direction, change shear ultimate strength
value of 140.8 to 114.5 ksi and change average from 122.2 to 113.4 ksi.
Add footnote indicator (5) to "Shear Ultimate Strength" in column
heading.

47 For 0.093 in. thickness, L direction, change both shear ultimate
strength values of 153.4 to 120.7 ksi and change average from 140.7
to 118.9 ksi. Add footnote indicator (5) to "Shear Ultimate Strength"
in column heading.

48 For 0.125 in. thickness, LT direction, replace shear ultimate strength
value of 130.6 with footnote indicator (4). Add footnote (4) to
"table as follows: "Excessive load inadvertently applied". Add
footnote indicator (5) to "Shear Ultimate Strength". Add footnote (5)
to table as follows: "Shear ultimate strength values not considered
valid due to excessive deformation in test area".

49 For 1.98 mm thickness, L direction, change shear ultimate strength
value of 970.8 to 781.9 GPa and change average from 842.3 to 779.4 GPa.
Add footnote indicator (5) to "Shear Ultimate Strength" in column
heading.

50 For 7.36 mm thickness, I direction, change both shear ultimate strength
values of 1057.7 to 832.2 GPa and change average from 969.8 to 819.5 GPa.
Add footnote indicator (5) to "Shear Ultimate Strength" in column
heading.

51 For 3.175 -a thickness, LT direction, replace shear ultimate strength
value of 900.3 GPa with footnote indicator (4) and change average
to 784.3 GPa. Add footnote (4) to table as follows: "Excessive
load inadvertently applied". Add footnote indicator (5) to "Shear
Ultimate Strength". Add footnote (5) to table as follows: "Shear
ultimate strength values not considered valid due to excessive deforma-
tion in test area".
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SUM4ARY

To evaluate the effect of newly established manufacturing tech-

niques iind processes on the MIL-HDBK-5 design allowable properties of aero-

space materials, various mechanical properties, including fatigue, were deter-

Smined at room temperature for multiple lots of three products. The data which

were obtained are suitable for the determination of statistically based design

values or can be used to supplement existing data so that design values can be

determined. (Statistical analysis of the data to determine design allowables

was not performed in this test program.)

"Specifically, the following tests were conducted in Phase II:

Inconel 718 (STA Bar). Tensile, compression, shear, and bearing tests

in two grain directions were conducted on ten lots of solution treated and

aged Inconel 718 bars, which varied in thickness from 2 through 4 inches in

diameter. Unnotched and notched, K. = 3, axial-stress fatigue tests were

performed at three stress ratios, R = -0.5, R = 0.1, and R = 0.5, using

longitudinal specimens from 3/4-inch-diameter bar. S/N curves were con-

structed.

Inconel 625 (Annealed) Bar. Tensile, compression, shear, and bearing

tests in two grain directions were conducted on ten lots of annealed

Inconel 625 bars, which varied in thickness from 2 through 4 inches in diam-

eter. Unnotched and notched, Kt = 3. axial-stress fatigue tests were per-

formed at three stress ratios, R -0.5, R = 0.1, and R = 0.5, using longi-

tudinal specimens from 3/4-inch-diameter bar. S/N curves were constructed.

Inconel 625 (Annealed) Sheet. Tensile, compression, shear, and bearing

tests in two grain directions were conducted on ten lots of annealed

Inconel 625 sheet, which varied in thickness from 0.050 through 0.250 inch.

Unnotched and notched, K= 3, axial-stress fatigue tests were performed at

three stress ratios, R = -0.5, R = 0.1, and R = 0.5, using long transverse

specimens from 0.093-inch-thick sheet. S/N curves were constructed.

INTRODUCTION

One of the major problems in the utilizationof newmanufacturing tech-

niques for metallic materials used in advanced aircraft is the lack of

I



sufficient comparative mechanical property data to determine the effect of a

new manufacturing technique or process on the design properties of the basic

material. According to DoD and FAA regulations, a material cannot be used in

a structural aircraft design unless the design allowable properties are

available in MIL-HDBK-5 or a statistically significant quantity of data are
available to provide acceptable documentation to support the values used in

the design.

Consequently, test programs were needed to evaluate the effects of

new manufacturing techniques or processes on the basic mechanical properties,

such as tension, compression, shear, and bearing properties, as well as fatigue

characteristics. These data, when suitably obtained, can be used by the MIL-
HDBK-5 Program to determine statistically based design values for incorpora-

tion into MIL-HDBK-5. The availability of these data will reduce the time lag
between the establishment of a new manufacturing process (or alloy) and its use
in aerospace vehicles and components.

OBJECTIVE

The objective of this programwas to evaluate the effect of newly estab-
lished manufacturing techniques and processes on the MIL-HDBK-5 design

allowable properties of structural materials used in aerospace applications.

TECHNICAL APPROACH

The techn i ca l approach was to fabr i cate ( i nc l ud i ng heat treatment, when

required) test specimens, to perform the mechanical property tests which are

required for the development of design allowable properties, and to present

the mechanical property data in a format suitable for use by the engineering

community. The materials tested were:

Inconel 718 Bar (Solution Treated and Aged)

Inconel 625 Bar (Annealed)

Inconel 625 Sheet (Annealed)

2



TEST PROCEDURE

Triplicate specimens, except for fatigue, were conducted for each

mechanical property and grain direction. The test specimen location and

configurations are described under the individual alloy in the Test Program

section. All test specimens were fabricated by Metcut Research Associates,

Inc., Cincinnati, Ohio. In general, all mechanical property tests were

conducted in accord with ASTM standards. A detailed description of testing

procedures is provided in Appendix A. All tests were conducted at room

temperature.

TEST PROGRAM

A description of the test program and the data obtained for each mate-

rial are presented in this section.

3



Inconel 718 Bar (Solution Treated and Aged)

Background

Because of its many attractive characteristics, Inconel 718 is being used

for applications other than for parts exposed to high temperatures. Therefore,

data for mechanical properties other than those critical for high temperature

performance are needed. Inconel 718 is currently contained in MIL-HDBK-5, but

design values for properties other than tensile yield and ultimate strengths

are missing. Consequently, a test program was needed to determine the mechan-
ical properties of Inconel 718 bar in the solution treated and aged condition

so that design values can be subsequently determined.

Material

Eleven lots of Inconel 718 bar were procured from Inco Alloys Inter-

national (formerly Huntington Alloys) in the solution treated condition to
AMS 5662. The eleven lots represented nine heats. The chemical compositions,
as determined by Inco Alloys International, are shown in Table 1. Bars were

obtained in the following sizes: 3/4, 2, 2-1/4, 2-1/2, 2-3/4, 3, 3-1/4, 3-1/2,
3-3/4, and 4 inches in diameter. Two heats of 2-inch-diameter bar were pro-

cured. Inconel 718 bar is not produced in rectangular shapes; consequently,
round bars with sufficient diameter to accommodate bearing specimens in the

longitudinal grain direction at the T/4 location were selected. For economy,
3/4-inch-diameter bar was obtained for fatigue tests.

Bars were supplied in the solution heat treated condition (1775-1825 F).
After machining, test specimens were precipitation heat-treated in a vacuum

furnace according to AMS 5662, as follows: heat to 1325 F + 15 and hold for

Si-8 hours, cool at 100 + 15 F degrees per hour to 1150 + 15 F, hold at 1150 + 15 F
for 8 hours, and cool to room temperature. This heat treatment is used primar-

ily for parts requiring maximum resistance to creep and stress rupture. (Ten-
sile properties after heat treatment conformed to AMS 5662.)

Location of Test Specimens

For mechanical property data to be usable for the determination

of MIL-HDBK-5 design values, tensile, compression, shear, and bearing

4
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specimens must be located within the cross section in accord with AMS 2371.

Therefore, all specimens, except fatigue, were located with the axis of the

specimen at the T/4 location. Since all bars were round, mechanical property

tests were conducted on two grain directions, longitudinal and short trans-

verse, except that bearing tests were performed only in the longitudinal direc-

tion, since the short transverse dimensions of most bars would not accommodate

bearing specimens. Longitudinal fatigue specimens were located at the T/2

location in the 314-inch-diameter bar. The location of the test specimens is

shown in Figures 1 through 7. Figure 8 shows the code system used to identify

test specimens.

Specimen Configuration

The configurations of test specimens are shown in Appendix B. Subsize

tensile specimens were employed for the short transverse grain direction.

Test Results

Tensile. The results of tensile tests are shown in Tables 2 and 2(a). In

addition to tensile yield and ultimate strengths, elongation and modulus of

elasticity values are indicated. Typical tensile stress-strain curves for

each grain direction are presented in Figvre 9. The shape parameter was

determined in accord with Section 9.3.2 of MIL-HDBK-5D. The average tensile

yield strengths and the average tensile mnduli of elasticity determined in this

test program were used with the shape parameter to construct typical stress-

strain curves.

Compression. The results of compression tests are shown in Tables 2 and

2(a). Compressive modulus of elasticity values are listed in addition to the

compressive yield strengths. Typical compressive stress-strain curves are
presented in Figure 10 for each grain direction. The shape parameter was

determined in accord with Section 9.3.2. of MIL-HDBK-5D. The average com-

pressive yield strengths and average compressive moduli of elasticity deter-

mined in this test program were used with the shape parameter to construct

typical stress-strain curves.

6
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S---~ ---

Figure 2. Cross-sectional location of longitudinal tensile,
compression, and shear specimens for all diameters
of Inconel 625 and Inconel 718 bar.

2 bearing specimens
per section adjacent

Figure 3. Cross-sectional location of longitudinal
bearing specimens for all diameters of
Inconel 625 and Inconel 718 bar.
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Shear. The results of shear tests are shown in Tables 2 and 2(a). Values

for shear ultimate strength are listed.
Bearing. The results of bearing tests are shown in Tables 2 and 2(a).

Values for longitudinal bearing yield and ultimate strengths for e/D = 1.5 and

e/D = 2.0 are listed. Bearing tests were not conducted in the short transverse

direction.
Fatigue. The results of axial-stress fatigue tests are shown in

Tables 3 and 4. Fatigue tests were conducted in the longitudinal grain

direction utilizing unnotched and notched, Kt = 3, specimens from the 3/4-
inch-diameter bar. Tests were conducted at three stress ratios, R -0.5,
R = 0.1, and R = 0.5. The fatigue data were analyzed in accord with Section

9.3.4 of MIL-HDBK-5 and S/N curves in Figures 11 and 12 constructed accord-

ingly.
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TABLE 3. UNNOTCHED FATIGUE DATA FOR INCONEL 718
STA BAR--LONGITUDINAL DIRECTION

Specimen maximum Cycles to
ID Stress, R-ratio Failure

ksi HPa

7FL7 170.0 (1,172.2) -0.5 14,820
7FL21 160.0 (1,103.2) -0.5 18,710
7FL47 140.0 (965.3) -0.5 46,120
7FL51 130.0 (896.4) -0.5 76,500
7FL35 120.0 (827.4) -0.5 109,930
7FL13 110.0 (758.5) -0.5 241,760
7FL15 100.0 (689.5) -0.5 238,970
7FL3 90.0 (620.6) -0.5 518,780
7FL1 80.0 (551.6) -0.5 4,490,470 (1)
7FL27 77.5 (534.4) -0.5 DNF

7FL19 180.0 (1,241.1) 0.1 36,466
7FL43 170.0 (1,172.2) 0.1 48,140
7FL57 160.0 (1,103.2) 0.1 75,240
7FL5 140.0 (965.3) 0.1 91,320
7FL17 120.0 (827.4) 0.1 199,950
7FL37 100.0 (689.5) 0.1 461,620
7FL39 100.0 (689.5) 0.1 DNF
7FL29 95.0 (655.0) 0.1 DNF
7FL53 90.0 (620.6) 0.1 DNF
7FL59 80.0 (551.6) 0.1 DNF

7FL49 180.0 (1,241.1) 0.5 19,950
7FL33 170.0 (1,172.2) 0.5 260,340
7FL23 170.0 (1,172.2) 0.5 260,610
7FL31 160.0 (1,103.2) 0.5 282,140
7FL45 150.0 (1,034.3) 0.5 307,230
7FL9 140.0 (965.3) 0.5 753,940
7FL55 130.0 (896.4) 0.5 1,051,710
7FLI1 130.0 (896.4) 0.5 DNF
7FL25 120.0 (827.4) 0.5 DNF
7FL41 100.0 (689.5) 0.5 DNF

(1) DNF - did not fail; test ran 10,000,000 cycles
and stopped.
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TABLE 4. NOTCHED K = 3, FATIGUE DATA FOR INCONEL 718
STA BAR--EONGITUDINAL DIRECTION

Specimen Maximum Cycles to
IO Stress, R-ratio Failure

ksi NPa

7FL56 100.0 (689.5) -0.5 2,720
7FL54 90.0 (620.6) -0.5 7,570
7FL50 80.0 (551.6) -0.5 11,490
7FL48 60.0 (413.7) -0.5 22,700
7FL42 50.0 (344.8) -0.5 64,450
7FL44 40.0 (275.8) -0.5 56,680
7FL60 40.0 (275.8) -0,5 126,640
7FL46 30.0 (206.9) -0.5 283,400
7FL52 20.0 (137.9) -0.5 1,058,530
7FL58 15.0 (103.4) -0.5 ONF (1)

7FL20 120.0 (827.4) 0.1 10,060
7FL18 110.0 (758.5) 0.1 11,710
7FL2 100.0 (689.5) 0.1 20,310
7FL14 90.0 (620.6) 0.1 21,930
7FL4 80.0 (551.6) 0.1 30,430
7FL6 70.0 (482.7) 0.1 94,770
7FL8 65.0 (448.2) 0.1 84,830
7FLIO 55.0 (379.2) 0.1 297,710
7FL12 50.0 (344.8) 0.1 160,830
7FL16 45.0 (310.3) 0.1 302,000
7FL38 35.0 (241.3) 0.1 DNF

7FL36 140.0 (965.3) 0.5 9,850
7FL34 130.0 (896.4) 0.5 26,540
7FL28 120.0 (827.4) 0.5 21,260
7FL26 100.0 (689.5) 0.5 65,880
7FL40 80.0 (551.6) 0.5 163,500
7FL22 80.0 (551.6) 0.5 184,320
7FL24 60.0 (413.7) 0.5 647,210
7FL32 55.0 (379.2) 0.5 834,600
7FL30 50.0 (344.8) 0.5 DNF

(1) DNF - did not fail; test ran 10,000,000
cycles and stopped.
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B rInconel 625 Bar (Annealed)

S~Background

Inconel 625 has high tensile, creep, and rupture strength, outstanding

fatigue and thermal fatigue strength; oxidation and corrosion resistance, and

excellent weldability and brazeability. These properties make this alloy
attractive for aerospace applications, such as duct ing, engine exhaust sys-

tems, thrust-reversers, resistance welded honeycomb structures, fuel and
hydraulic line tubing, bellows, turbine shroud rings, and heat exchanger tub-

ing. This widely used alloy is currently contained in MIL-HDBK-5, but design
values for properties other than tensile yield and ultimate strengths are
missing. Consequently, a test program was needed to determine the mechanical

properties of Inconel 625 bar in the annealed condition so that design values

can be subsequently determined.

Material

Eleven lots of Inconel 625 bar were procured from Inco Alloys Inter-

national to AMS 5666. The eleven lots represented eight heats. The chemical

compositions, as determined by Inco Alloys International, are shown in
Table 5. Bars were obtained in the following sizes: 3/4, 2, 2-1/4, 2-1/2,

2-3/4, 3, 3-1/4, 3-1/2, 3-3/4, and 4 inches in diameter. Two heats of 2-inch-
diameter bar were procured. Inconel 625 bar is not produced in rectangular

shapes; consequently, round bars with sufficient diameter to accommodate bear-
ing specimens in the longitudinal grain direction at the T/4 location were

selected. For economy, 3/4-inch-diameter bar was obtained for fatigue tests.

Bars were supplied in the annealed condition and tested "as-received."

Location of Test Specimens

For mechanical property data to be usable for the determination of MIL-

HDBK-5 design values, tensile, compression, shear, and bearing specimens must

be located within the cross section in accord with AMS 2371. Therefore, all

specimens, except fatigue, were located with the axis of the specimen at the
T/4 location. Since all bars were round, mechanical property tests were
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conducted in two grain directions, longitudinal and short transverse, except

that bearing tests were performed only in the longitudinal direction, since the

short transverse dimensions of most bars would not accommodate bearing speci-

mens. Longitudinal fatigue specimens were located at the T/2 location in the

3/4-inch-diameter bar. The location of the test specimens is shown in Fig-

ures 1 through 7. Figure 13 shows the code system used to identify test

specimens.

Specimen Configuration

The configurations of test specimens are shown in Appendix B. Subsize

tensille specimens were employed for the short transverse grain direction.

Test Results

Tensile. The results of tensile tests are shown in Tables 6 and 6(a). In

addition to tensile yield and ultimate strengths, elongation and modulus of

elasticity values are indicated. The longitudinal tensile yield and ultimate

strength of the 4-inch-diameter bar (Heat NX3648A6) did not meet the minimum

values specified in AMS 5666. Typical tensile stress-strain curves for each
grain direction are presented in Figure 14. Tensile stress-strain curves were

constructed in the same manner as those for Inconel 718 bar.
Cogmression. The results of compression tests are shown in Tables 6 and

6(a). Compressive modulus of elasticity values are listed in addition to the

cornpressive yield strengths. Typical compressive stress-strain curves are
presented in Figure 15 for each grain direction. Compressive stress-strain

curves were constructed in the same manner as those for Inconel 718 bar.
Shear. The results of shear tests are shown in Tables 6 and 6(a). Values

for shear ultimaLe strength are listed.

Bearing. The results of bearing tests are shown in Tables 6 and 6(a).
Values for longitudinal bearing yield and ultimate strengths for e/D = 1.5 and

e/D = 2.0 are presented. Bearing tests were not conducted in the short trans-
verse direction.

Fatigue. The results of axial-stress fatigue tests are shown in Tables 7

and 8. Fatigue tests were conducted only in the longitudinal grain direction
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2" Dia. (Heat A) -1 = NX4474AG
2" Dia. (Heat B) a 2 = NX4385AV
2-1/4" Dia. = 3 - NX4117AG
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3/4" Dia. = 11 = NX4474AG

Inconel 625 = 6

Figure 13. Specimen identification code for Inconel 625 bar.
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TABLE 7. UNNOTCHED FATIGUE DATA FOR AINEALED
IVCONEL 625 BAR--LONGITUDINAL DIRECTION

Specimn Naximum Cycles to
ID Stress, R-ratio Failure

ksl NPa

611FL7 120.0 (827.4) -0.5 UO(1)
611FL15 115.0 (792.9) -0.6 8,000
611FL19 112.5 (775.7) -0.5 11,370
611FL9 110.0 (758.5) -0.5 21,310
611FL3 90.0 (620.6) -0.5 92,760
611FL5 80.0 (551.6) -0.5 189,960
611FLll 80.0 (551.6) -0.5 206,730
611FL13 75.0 (517.1) -0.5 334,810
611FL17 72.5 (499.9) -0.5 4449460
611FL1 70.0 (482.7) -0.5 DNF (2)

611FL33 140.0 (965.3) 0.1 20 (1)
611FL39 125.0 (861.9) 0.1 47,450
611FL35 120.0 (827.4) 0.1 60,570
611FL31 110.0 (758.5) 0.1 128,800
611FL27 100.0 (689.5) 0.1 167,230
611FL25 90.0 (620.6) 0.1 359,710
611FL37 80.0 (551.6) 0.1 642,550
611FL23 80.0 (551.6) 0.1 863,260
611FL29 70.0 (482.7) 0.1 DNF
611FL21 70.0 (482.7) 0.1 7,543,980

611FL47 130.0 (896.4) 0.5 200()
611FL51 127.0 (875.7) 0.5 222,400
611FL49 125.0 (861.9) 0.5 125,000
611FL45 120.0 (827.4) 0.5 370,150
611FL53 115.0 (792.9) 0.5 626,440
611FL55 112.5 (775.7) 0.5 800,750
611FL59 110.0 (758.5) 0.5 622,810
611FL57 110.0 (758.5) 0.5 DNF
611FL43 100.0 (689.5) 0.5 DNF
611FL41 70.0 (482.7) 0.5 DNF

(1) Cycle count below 103, not plotted.

(2) ONF - did not fail; test ran 10,000,000 cycles
and stopped.
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TABLE 8. NOTCHED, K * 3, FATIGUE DATA FOR ANNEALED
INCONEL 621 BAR--LONGITUDINAL DIRECTION

Specimen Maximum Cycles to
ID Stress, R-ratio Failure

ksl MPa

611FL46 75.0 (517.1) -0.5 11,350
611FL38 70.0 (482.7) -0.5 14,570
611FL20 65.0 (448.2) -0.5 24,890
611FL12 60.0 (413.7) -0.5 58,330 (1)
611FLS 55.0 (379.2) -0.5 104,190
611FL6 55.0 (379.2) -0.5 144,300
611FL34 50.0 (344.8) -0.5 263,440
611FL10 50.0 (344.8) -0.5 977,110
611FL4 45.0 (310.3) -0.5 DNF3
611FL2 40.0 (275.8) -0.5 146,850

611FL48 100.0 (689.5) 0.1 8,120
611FL50 80.0 (551.6) 0.1 36,700
611FL40 70.0 (482.7) 0.1 671140
611FL18 65.0 (448.2) 0.1 98,450
611FL14 60.0 (413.7) 0.1 542,249
611FL16 55.0 (379.2) 0.1 936,100
611FL28 50.0 (344.8) 0.1 434,270 (4)
611FL26 50.0 (344.8) 0.1 488,750 (4)
611FL32 45.0 (310.3) 0.1 528,550
611FL44 45.0 (310.3) 0.1 4,868,610

611FL60 120.0 (827.4) 0.5 21,000
611FL54 110.0 (758.5) 0.5 24,740
611FL56 100.0 (689.5) 0.5 39,120
611FL52 90.0 (620.6) 0.5 90,000
611FL42 75.0 (517.1) 0.5 426,090
611FL30 70.0 (482.7) 0.5 677,380
611FL58 65.0 (448.2) 0.5 845,520
611FL22 65.0 (448.2) 0.5 906,420
611FL36 60.0 (413.7) 0.5 7,057,900
611FL24 60.0 (413.7) 0.5 DNF

(1) Inadvertently overloaded.

(2) DNF - did not fail; test ran 10,000,000 cycles
and stopped.

(3) Regripped four times due to hydraulic grip
malfunction; specimen may have been subjected
to bending.

(4) Misaligned.
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utilizing unnotched and notched, Kt 3, specimens from the 3/4-inch-diameter
bar. Tests were conducted at three stress ratios, R = -0.5, R = 0.1, and
R = 0.5. The fatigue data were analyzed in accord with Section 9.3.4 of MIL-
HDBK-5 and SIN curves in Figures 16 and 17 constructed accordingly.
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Inconel 625 Sheet (Annealed)

Background

Inconel 625 has high tensile, creep, and rupture strength, outstanding

fatigue and thermal fatigue strength; oxidation and corrosion resistance, and

excellent weldability and brazeability. These properties make this alloy

attractive for aerospace applications, such as ducting, engine exhaust sys-

tems, thrust-reversers, resistance welded honeycomb structures, fuel and

hydraulic line tubing bellows, turbine shroud rings, and heat exchanger tub-
ing. This widely used alloy is currently contained in MIL-HDBK-5, but design

values for properties other than tensile yield and ultimate strengths are

missing. Consequently, a test program was needed to determine the mechanical
properties of Inconel 625 sheet in the annealed condition so that design values

can be subsequently determined.

Material

Ten heats of Inconel 625 sheet were procured from Inco Alloys Inter-

national to AMS 5599. The chemical compositions, as determined by Inco Alloys

International, are shown in Table 9. Sheets were obtained in the following

thicknesses: 0.050, 0.063, 0.078, 0.093, 0.125, and 0.250 inch. Two heats of

0.063-, 0.078-, and 0.125-inch-thick sheet were procured to provide ten heats.

The sheets were supplied in the annealed condition and tested "as-received."

Location of Test Specimens

The location of test specimens is shown in Figures 18 and 19. Figure 20

shows the code system used to identify test specimens.

Specimen Configuration

The configurations of the test specimens are shown in Appendix B. All

specimens were full sheet thickness, except bearing specimens from 0.125-,

0.187-, and 0.250-inch-thick sheets were machined to 0.100 + 0.005-inch thick-

ness by removing an equal amount of material from each surface.
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x xx x

L C

1, 2, 3, 4, etc.

SLongitudinal =L
L Long Transverse =T

Tension z T Bearing = B
Compression = C Fatigue = F
Shear = S

0.050 a VX0070AK --

0.063 = VX0030AK = K0.063 a NX15EBAK - L

0.078 = VX0028AK = M4
0.078 - VX0O55AK - N.
0.093 = VX0041AK - 0
0.125 - VX0037AK - P

0.125 - VX0056AK = Q
0.187 = VX0015AK = R
O.Z50 = VXOO6AK = S

Figure 20. Specimen identification code for Inconel 625 sheet.
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Test Results

Tensile. The results of the tensile tests are shown in Tables 10 and

10(a). In addition to tensile yield and ultimate strengths, elongation and
modulus of elasticity values are indicated. The long transverse tensile yield
strength of one heat (VXOO37AK) of 0.125-inch sheet was marginally below the

minimum value of 60 ksi specified in AMS 5599. Typical tensile stress-strain

curves for each grain direction are presented in Figure 21. Tensile stress-
strain curves were constructed in the same manner as those for Inconel 718 bar.

Compression. The results of compression tests are shown in Tables 10 and

10(a). Compressive modulus of elasticity values are listed in addition to

compressive yield strengths. Typical compressive stress-strain curves are
presented in Figure 22 for each grain direction. The compressive stress-

strain curves were constructed in the same manner as those for Inconel 718 bar.
Shear. The results of tension-shear tests are shown in Tables 10 and

10(a). Values for shear ultimate strength are listed.

Bearing. The results of the bearing tests are shown in Tables 10 and

10(a). Values for bearing yield and ultimate strengths for e/D = 1.5 and

efD ý 2.0 are listed.

Fatigue. The results of axial-stress fatigue tests are presented in
Tables 11 and 12. All fatigue test specimens were taken from one heat of

0.093-inch-thick sheet. Fatigue tests were conducted only in the long trans-

verse grain direction utilizing unnotched and notched, Kt = 3, specimens.
Tests were conducted at three stress ratios, R = -0.5, R u 0.1, and R = 0.5.

Initially, the fatigue data were analyzed according to Section 9.3.4 of
MIL-HDBK-5, which specifies that runouts not be included. This analytical

procedure resulted in extremely conservative fatigue strengt'- estimates in the
high cycle region, (Nf > 106). The data were reanalyzed t-- ating the runouts

as failures. Also, runouts significantly below those exh, iting the highest
stress were not included in the analyses. These changes in the analytical
procedure produced S/N curves which fit the data better, especially in the high

cycle region, (Nf > 10 6). These S/N curves are presented in Figures 23 and 24.
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TABLE 11. UNNOTCHED FATIGUE DATA FOR ANNEALED INCONEL 625SHEET--LONG TRANSVERSE DIRECTI34

Specimen maximum Cycles to
ID Stress, R-ratio Failure

ksi MPa

OFT17 120.0 (827.4) -0.5 ---
OFT3 120.0 (827.4) -0.5 7,170
OFT59 120.0 (827.4) -0.5 8,230
OFT1l 100.0 (689.5) -0.5 47,860
OFT5 90.0 (620.6) -0.5 47,590
OFT9 90.0 (620.6) -0.5 87,020
OFT19 80.0 (551.6) -0.5 138,220
OFT7 80.0 (551.6) -0.5 848,150
OFTIS 75.0 (517.1) -0.5 3,034,310
OFT13 70.0 (482.7) -0.5 DNF (2)
O7T1 50.0 (344.8) -0.5 DNF

OFT31 140.0 (965.3) 0.1 M (3)
OFT33 130.0 (896.4) 0.1 30,430
OFT25 120.0 (827.4) 0.1 47,820
OFT27 100.0 (689.5) 0.1 137,460
OFT23 90.0 (620.6) 0.1 239,350
OFT21 85.0 (586.1) 0.1 455,180
OFT35 80.0 (551.6) 0.1 518,180
OFT39 70.0 (482.7) 0.1 DNF
OFT37 70.0 (482.7) 0.1
OFT29 50.0 (344.8) 0.1 DNF

OFT53 134.0 (923.9) 0.5 123.150
OFT51 130.0 (896.4) 0.5 251,300
OFT49 130.0 (896.4) 0.5 295,760
OFT57 125.0 (861.9) 0.5 278,210
OFT47 120.0 (827.4) 0.5 627,230
OFT55 118.0 (813.6) 0.5 DNF
OFT45 110.0 (758.5) 0.5 DNF
OFT43 90.0 (620.6) 0.5 DNF
OFT41 50.0 (344.8) 0.5 DNF

(1) Specimen failed on loading.

(2) DNF - did not fail; test ran 10,000,000
cycles and stopped.

(3) Cycle count below 103; not plotted.
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TABLE 12. NOTCHED, N 3, FATIGUE DATA FOR ANNEALED
INCONEL 629 SHEET--LONG TRANSVERSE DIRECTION

Specimen Naximunm Cycles to
ID Stress, R-ratio Failure

ksi NPa

OFT2 80.0 (551.6) -0.5 3,410
OFTI4 70.0 (482.7) -0.5 8,450
OFT4 60.0 (413.7) -0.5 14,960
OFT12 50.0 (344.8) -0.5 28,110 (1)
OFT16 40.0 (275.8) -0.5 74,690
OFT6 40.0 (275.8) -0.5 76,670
OFTIO 30.0 (206.9) -0.5 293,490
OFT18 30.0 (206.9) -0.5 1,649,560
OFT20 25.0 (172.4) -0.5 DNF (2)
OFT8 20.0 (137.9) -0.5 DNF

OFT32 120.0 (827.4) 0.1 3.290
OFT26 100.0 (689.5) 0.1 6,510
OFT24 80.0 (551.6) 0.1 18,450
OFT40 80.0 (551.6) 0.1 18.890
OFT22 60.0 (413.7) 0.1 82,360
OFT34 60.0 (413.7) 0.1 157,080
OFT28 40.0 (275.8) 0.1 474,770
OFT36 40.0 (275.8) 0.1 759,780
OFT38 35.0 (241.3) 0.1 DNF
OFT30 30.0 (206.9) 0.1 ONF

OFT54 130.0 (896.4) 0.5 8,090
OFT44 120.0 (827.4) 0.5 15,780
OFT46 110.0 (758.5) 0.5 21,520(3
OFT42 100.0 (689.5) 0.5
OFT48 100.0 (689.5) 0.5 29,940
OFT50 90.0 (620.6) 0.5 40,330
OFT52 80.0 (551.6) 0.5 120,890
OFT56 70.0 (482.7) 0.5 351,660
OFT60 60.0 (413.7) 0.5 1,051,090
OFT58 50.0 (344.8) 0.5 ONF

(1) Failed in grips.

(2) DNF - did not fall; test ran 10,000,000
cycles and stopped.

(3) Setup error.
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Figure 23. Unnotched axial-stress S/N curves for O.O93-1nch-
thick, annealed Inconel 625 sheet--long
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Figure 24. Notched axial-stress S/N curves for 0.093-inCh-
thick, annealed Inconel 625 sheet--long
transverse direction.
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TESTING PROCEDURES

Tension Tests. Tension tests were performed at room temperature in

accord with ASTh E8. Flat specimeois were utilized for sheet, while round

specimens were employed for bar. Subsize round specimens were used, as

necessary, when the size of the product would not accommodate full-size

specimens. The strain rate was 0.005-inch-per-inch-per-minute, as indicated
by a strain pacer, until yield strength was exceeded, after which the rate was

increased to 0.1-inch-per-inch-per-minute until failure. The tensile yield

strength at 0.2 percent offset, tensile ultimate strength, elongation, and the
tensile modulus of elasticity were obtained from this test.

Compression Tests. Compression tests were performed at room temper-

ature in accord with ASTM E9. Cylindrical specimens were used for bar. The

ends of the cylindrical specimens were paraliel to 0.0002 inch, and fixturing
was used to maintain alignment during testing. For sheet, flat specimens

were utilized and tested in a "North American-type" compression fixture.

This fixture will accommodate sheet specimens I by 3 inches and up to about
1/4-inch thick. The ends of the specimens were parallel to within 0.0002

inch. An extensome'er, similar to the extension type, was fastened to the
specimen at very small notches spanning a 2-inch gage length. The strain

signal was generated by a linear differential transformer which was part of
the extensometer with readout on an autographic recorder. For all tests, the

strain rate was 0.005-inch-per-Inch-per-minute until yield strength was

exceeded. The compressive yield strength at 0.2-percent offset and the

compressive modulus of elasticity were obtained from this test.
Shear Tests. Shear tests were conducted at room temperature. For sheet

material, the tension-shear specimen, as specified in Standard Test Proce-

dure ARTC-13-S-1, was used. For bar, a 0.250-inch-diameter, double-shear

specimen was used. A rivet-shear type fixture was used to test pin-shear
specimens from bar. The ultimate shear strength at room temperature was
measured.
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Bearinq Tests. Bearing tests were corn4ucted at room temperature in

accord with ASTM E238. Bearing specimens were full thickness except for

products over 0.100-inch thickness, for which the bearing specimens were

machined to 0.100-inch thick. All tests were "clean pin" tests as, defined

in the above specification. The ultimate bearing strength and bearing yield

strength at e/D ratios of 1.5 and 2.0 were meawured. (The ratio of the

distance between the centerline of the test hole in the bearing specimen and

the edge of the specimen (e) to the diameter of the bearing hole (0) defines

e/D.)
Fatigue Tests. Fatigue tests were conducted zt room temperature in

accord with ASTM E466. Axial-stress tests were performed on unnotched and

notched specimens to define an S/N curve between 103 and l07 cycles. Tests

were conducted in the long transverse direction for sheet and longitudinal

direction for bar. Tests were conducted on smooth, Kt = 1, and notched,

Kt 3, specimens at three stress ratios.
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SPECIMEN CONFIGURATIONS

to4 20 2A e A

Figure B-1. Tensilp specimen (short transverse
direction) for 2- and 2-1/4-inch

1 diameter Inconel 718 and liconel
625 bars. Drawing ST.

Figure B-2. Tensile specimen (short transverse
direction) for 2-1/2-, 2-3/4-,
and 3-inch diameter Inconel 718
and Inconel 625 bars. Drawing lOT.

Iw

Figure B-3. Tensile specimen (short transverse
direction for 3-1/4-, 3-1/2-,
3-3/4-, and 4-inch diameter and
longitudinal direction for all
dtiawtArs) for Inconel 718 and
Inconel 625 bars. Drawing 9T.
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Figure B-4. Shear specimen for Inconel 718 and
Inconel 625 bars. Drawing 3S.
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Figure B-5. Compression specimen for Inconel 718
and Inconel 625 bars. Drawing 3Co.
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Figure B-6. Subsze compression specimen (short
transverse for 2-inch-diameter)
for Inconel 718 and Inconel 625
bars. Drawing 4Co.
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Figure B-7. Bearing specimen for Inconel 718
and Inconel 625 bars.

Figure B-8. Unnotched fatigue specimen for
Inconel 718 and Inconel 625 bars.

INW K" l0

Figure B-9. Notched, K = 3 fatigue specimen for
Inconel T718 and Inconel 625 bars.
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Figure B-10. Tensile specimen for
Inconel 625 sheet.
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Figure B-11. Compression specimen for
Inconel 625 sheet.
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Figure B-12. Tension-shear specimen for
Inconel 625 sheet.
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Figure B-13. Bearing specimen for
Inconel 625 sheet.
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Figure B-14. tinnotched fatigue specimen

for Inconel 625 sheet.
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Figure B-15. Notched fatigue specimen
for Inconel 625 sheet.
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